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ABSTRACT 

A ?uid particle separator comprises a tube having an 
output end open to atmospheric pressure for transport 
ing. axially migrated particles suspended in a carrier 
?uid. A physical barrier, such as a smaller diameter tube 
axially inserted near the output end of the tube, and 
resistance matched to the tube, allows separation of the 
axially migrated particles from the carrier fluid by being 
designed so that the pressure drop from its inlet to~its 
outlet is substantially equal to the pressure drop in the 
remainder of the tube from the barrier to the tube out 
put end. 

6 Claims, 4 Drawing Sheets 
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Figure 1B 
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FLUID PARTICLE SEPARATOR WITH PRESSURE 
DROP RESISTANCE MATCHING 

This application is a continuation in part of that cer 
tain application, Ser. No. 649.190, ?led Sept. 10, 1984, 
now abandoned. 

This invention relates to the ?eld of segregating the 
components contained within a ?uid ?ow, and, more 
speci?cally to apparatus for concentrating liquid sus 
pensions of ?ne particulates into an axial migration, 
allowing separation of the particulates by a physical 
barrier. 
Many methods have been utilized by which particles 

are separated from ?uids. Among these methods have 
been ?ltration, centrifugation, sedimentation, free-?ow 
electrophoresis, ?occulation, magnetic separation, and 
microstraining. However, with the majority of existing 
methods, the cost of recovering signi?cant quantities of 
particulate is inordinately high. 

It is well known that particulates migrate across 
streamlines of a suspension in Poiseuille ?ow, Poiseuille 
?ow being a laminar ?ow of a Newtonian liquid in a 
tube. It has been established that neutrally buoyant 
spheres exhibit a tubular pinch effect, which is the para 
bolic velocity pro?le leading to migration to a ?xed 
radial position in the laminar ?ow of suspensions in 
tubes. Segre, et al., J. Fluid Mech., 14, pp 136-157 
(1962). Although the possibility of using the phenome 
non in the fractionation of mixtures has been suggested, 
no one has taught how this can be practically accom 
plished. 

It has been previously shown that the tubular pinch 
effect is also exhibited by nonspherical particles such as 
rods and disks, and that both hardened and normal red 
blood cells exhibit the effect at various velocities. At 
some velocities, the normal red cells migrate toward the 
center of the flow volume. Branching con?gurations 
have been used to study these red blood cell effects. 
However, most con?gurations resulted in technical 
dif?culties such as ?ow control. 

All of this work was directed toward the study of 
axial migration of particulates in a ?uid ?ow. However, 
no work has shown how to practically take advantage 
of this axial migration. The ability to collect particles by 
making use of this axial migration is important in many 
?elds, such as in biochemical processing and biochemi~ 
cal research. 

It is an object of the present invention to provide for 
separation of ?ne particulates from fluid ?ows. 

It is a still further object of the present invention to 
provide a method and apparatus for separating ?ne 
particulates from a ?uid suspension without signi?cant 
damage to the particulates. _ 

Additional objects, advantages and novel features of 
the invention will be set forth in part in the description 
which follows, and in part will become apparent to 
those skilled in the art upon examination of the follow 
ing or may be learned by practice of the invention. The 
objects and advantages of the invention may be realized 
and attained by means of the instrumentalities, and com 
binations particularly pointed out in the appended 
claims. 

SUMMARY OF THE INVENTION 

To achieve the foregoing and other objects, and in 
accordance with the purposes of the present invention, 
as embodied and broadly described herein, apparatus 
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2 
for separating and recovering particulates from a ?uid 
?ow may comprise tube means for transporting axially 
migrated particles suspended in a carrier ?uid and hav 
ing an output end open to atmospheric pressure. Physi 
cal barrier means resistance matched to the tube means 
and disposed axially near the output end of the tube 
means separate the particles in suspension from the 
carrier ?uid. 

In a further aspect of the present invention, and in 
accordance with its objects and purposes, a method of 
separating and recovering particulates from a ?uid ?ow 
comprises the steps of creating a ?ow of carrier ?uid 
containing axially migrated suspended particulates in a 
tube having an output end open to atmospheric pres 
sure, and separating the axially migrated suspended 
particulates from the carrier ?uid by use of a physical 
barrier resistance matched to the tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings,‘ which are incorpo 
rated in and form a part of the speci?cation, illustrate 
embodiments of the present invention and, together 
with the description, serve to explain the principles of 
the invention. In the drawings: . 
FIG. 1 is a cross-sectional'view of the tubular insert 

embodiment of the present invention with a top view at 
A and an end view at B. ' 
FIG. 2 is a cross-sectional view of the branch system 

embodiment of the present invention. 
FIG. 3 is a top view at A and an end view at B of the 

conical annulus embodiment of the present invention. 
FIG. 4 is cross-sectional top view at A and an end 

view at B of the parallel disk embodiment of the present 
invention. 

DETAILED DESCRIPTION 

The present invention involves the use of physical 
barriers inserted into ?ow streams to retrieve desired 
particulates from the ?ow. Referring ?rst to FIG. 1, 
there can be seen a cross-section of tubular insert 12 
inserted into an end of tube 10. It is assumed that tube 10 
is of suf?cient length to allow for creation of axial mi 
gration within the carrier or suspending ?uid (not ' 
shown) so that the particulates (not shown) in tube 10 
will be ?owing near the axis of tube 10. This type insert; 
or physical barrier will be henceforth called resistance 
matching, because the inserts are designed so that the 
pressure drop from the inlet to the outlet of insert 12 is 
substantially equal to the pressure drop from the inlet to 
the outlet of annular channel 11 outside insert 12. As 
will be seen, this is the principle of all the embodiments 
described herein, that the pressure drops from the inlets 
to the outlets of each path through each of the physical 
barriers will be substantially equal. It should be under 
stood that in all of the embodiments disclosed herein 
both the carrier ?uid and the desired particulates exit 
directly to atmospheric pressure. 
To accomplish resistance matching for the insert 

embodiment, it is assumed that the wall thickness of 
insert 12 is negligibly small; that the Newtonian viscos-v 
ity of the ?owing suspension in tube 10 is uniform; and 
that entrance disturbances are negligible. This assures 
that the ?ow near axis 13 is directed into insert 12, and 
the ?ow distant from axis 13 is directed into annular 
space 11. If the ?ow near axis 13 contains the particu 
lates of interest because of axial migration, the particu 
lates will be collected through insert 12. In other cases, 
where the particulates are not near axis 13, but are 
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closer to wall 10, annular space 11 will contain the 
particulates. In general, non-spherical particles migrate 
closer to axis 13, while more spherical particles migrate 
to radial positions closer to wall 10. 
As shown in FIG. 1, the diameter of tube 10 is de 

noted as D,, the diameter of insert 12 is denoted as D,-, 
the volumetric ?ow rate in insert 12 is Q, and the volu 
metric ?ow rate in annular channel 11 is Q,. These 
volumetric ?ow rates can be expressed by the following 
equations: 

,-=1rdelta p (Di/2W8 PL, 10 

where delta p=incremental pressure change, p.=vis 
cosity of the‘suspension and L,-=length of insert 12; and 

where k=D,~/D,, and L,=length of tube 10 from the 
beginning of insert 12 to the outlet end of annular space 
1 . 

These flow rates can also be expressed in integral 
form for the approaching parabolic pro?le as follows: 

and 

Q;=C1 INTn’t vzr dr 25 

where v,=C2[l-(r/r,)2], r=radia1 position, r,'= D,-/2, 
n= D1/2, and C1, Cz=constants. 

Resistance matching allows the calculation of ratios 
for Li/L, and Q,/Qi for particular values of k through 
substitution, integration and equating the pressure drops 
with the above equations. 
Another embodiment of the present invention is illus 

trated in FIG. 2, and is generally referred to as a 
branched system. As shown simply, tube 14 has branch 
16 exiting from it, the physical barrier in this embodi 
ment. Resistance matching in this case sets the pressure 
drop through tube 14 from the inlet of branch 16 to the 
outlet of tube 14 (length Lt) equal to the pressure drop 
through branch 16 (length Lb). In this con?guration, if 
the desired particulates are near axis 15, they would 
continue past branch 16 to be collected, while the car 
rier solution would be evacuated through branch 16. Of 
course, for particulates which migrate to positions away 
from axis 15, this situation would be reversed, and the 
particulates would be collected through branch 16. If 
desired for a particular application, additional branches 
16 could exit tube 14. The same provisions for resistance 
matching would apply for a plurality of branches 16. 
The same equations for the approaching parabolic 

pro?le apply to this embodiment as were developed for 
the tubular insert case. The matching equations for the 
separation for the branched system case are: 

and 

Qb=1rdelta p (Db/2)‘/8 “Lb 35 

where Dz=diameter of tube 14, L,=length of tube 14 
from its inlet to branch 16, Db=diameter of branch 16. 
Lb=length of branch 16, and delta p=pressure drop 
across branch 16 rs well as across tube 14 from the inlet 
of branch 16 to the outlet of tube 14. 
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4 
For a given va of k, as before, the ratio of Q,/Qb can 

be calculated. By setting L, and again equating pressure 
drops (delta p), the relationship between D1, and Lb is 
determined. Thus by choosing a particular value of Lb, 
Db can be calculated, and the dimensions would be fully 
speci?ed. 

Still another embodiment can be seen by reference to 
FIG. 3. In this embodiment,‘ called the conical annulus 
embodiment, tube 18 terminates in a ?ared portion 19. ' 
Inside ?ared portion 19 and spaced apart therefrom is 
parallel conical annulus 20, which has the shape of a 
truncated cone, the opening being central aperture 22, 
and the space between being annular space 21. Resis 
tance matching in this case requires that the pressure 
drop through aperture 22 to its outlet will be equal to 
the pressure drop through annular space 21 from inlet to 
outlet. 

In this embodiment, if the desired particulates are 
near axis 17 of tube 18 because of axial migration, they 
will pass through aperture 22 and be collected. The 
carrier solution is diverted through annular space 21 
between ?ared portion 19 and conical annulus 20. 
Again, if the desired particulates are located away from 
axis 17, they will be collected from annular space 21, 
and the carrier solution would be collected through 
aperture 22. 
A similar embodiment is illustrated in FIG. 4 wherein 

there is shown the parallel disk embodiment. In this 
embodiment, tube 24 terminates in disk 25. Parallel to 
disk 25, and spaced therefrom a distance 2b, is parallel 
disk 26 with axial aperture 28, the physical barrier in 
this embodiment. Resistance matching in this case re 
quires that the pressure drop through aperture 28 be 
equal to the pressure drop through the space between 
disks 25, 26. The ?ow equations for Qrand Q1, are given 
by equations 40 and 45: 

where Db=diameter of aperture 28, Dt=diameter of 
tube 24, Cd=the ori?ce coefficient, and p=density of 
the ?uid, 2b=width of the space between parallel disks 
25, 26. 

In this embodiment, if the desired particulates have 
migrated to a radial position near axis 23 of tube 24, they 
are collected through aperture 28, and the carrier ?uid 
is diverted away through the space between disk 25 and 
parallel disk 26. Again, however, if the particulates 
have migrated to a radial position away from axis 23, 
they will be collected from the space between disks 25, 
26, and the carrier ?uid will be collected through aper 
ture 28. 
The foregoing description of embodiments of the 

present invention has been presented for purposes of 
illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form 
disclosed, and obviously many modi?cations and varia 
tions are possible in light of the above teaching. The 
embodiments were chosen and described in order to 
best explain the principles of the invention and its prac 
tical application to thereby enable others skilled in the 
art to best utilize the invention in various embodiments 
and with various modi?cations as are suited to the par 



5,076,943 
5 

ticular use contemplated. It is intended that the scope of 
the invention be de?ned by the claims appended hereto. 
What is claimed is: 
l. A ?uid particle separator comprising: 
tube means for transporting axially migrated particles 

suspended in a carrier ?uid and having an output 
end open to atmospheric pressure; 

physical barrier means resistance matched to said 
tube means and disposed axially near said output 
end of said tube means for separating said axially 
migrated particles from said carrier ?uid. 

2. The separator as described in claim 1, wherein said 
physical barrier means'comprises a second tube axially 
inserted into‘ said output end of said ?rst tube means. 

3. The separator as described in claim 1, wherein said 
physical barrier means comprises one or more branch 
tubes exiting from said tube means. 

15 

6 
4. The separator as described in claim 1, wherein said 

output end of said tube means is ?ared and said physical 
barrier means comprises a truncated cone spaced apart 
from and parallel to said ?ared end of said tube means. 

5. The separator means as described in claim 1, 
wherein said output end of said tube means comprises a 
?rst circular disk and said physical barrier means com 
prises a second circular disk spaced apart from and ' 
parallel to said first circular disk and having an axial 
aperture. 

6. A method of separating particles in suspension 
from a carrier ?uid comprising: ’ 
creating a ?ow of carrier ?uid containing axially 

migrated suspended particulates in a tube having an 
output end open to atmospheric pressure; 

separating said axially migrated suspended particu 
lates from said carrier ?uid by use of a physical 
barrier resistance matched to said tube. 
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